INTRODUCTION
Perforation or iatrogenic rupture during coil embolization of an intracranial aneurysm rapidly changes a controlled environment into a life-threatening situation. Subarachnoid hemorrhage under these circumstances likely represents the most dangerous complication of endovascular therapy. In our center after iatrogenic aneurysm rupture, the main goals of patient management include rapid control of intracranial pressure (ICP) with urgent ventriculostomy in the endovascular suite followed by neurovascular resuscitation, reversal of anticoagulation, and immediate surgical intervention.
MATERIALS AND METHODS
We retrospectively reviewed the records of all patients with intracranial aneurysms managed by our neurovascular service from July 1997 through December 2010. We identified six patients who underwent emergency surgical intervention in the setting of intraprocedural rupture, defined by angiographic evidence of contrast extravasation during endovascular treatment of an intracranial aneurysm, not amenable to further endovascular intervention. Hospital records, neuroimaging studies, operative reports, and follow-up clinic notes were complete and reviewed in all cases. Follow-up review in surviving patients ranged from 1.5 to 9 years (average 3.8 years), and no patient was lost to follow-up review.
RESULTS
We identified six patients with persistent extravasation necessitating urgent surgical decompression despite aggressive attempts to stop the bleeding with additional coil placement and the use of a temporary intra-arterial balloon. In these patients, treatment consisted of immediate institution of barbiturate coma, reversal of anticoagulation with activated recombinant factor VIIa, and ventriculostomy in the endovascular suite. This was followed by emergency decompressive hemicraniectomy with the evacuation of intracerebral hematoma (all cases) and of intraventricular hemorrhage (three cases), nondominant temporal lobectomy (four cases; Figure 1 ), and securing the ruptured aneurysm in all cases.
In all instances, a generous hemicraniectomy was performed and the cerebrospinal fluid was drained aggressively to achieve adequate brain relaxation. The sphenoid wing was aggressively drilled down, and the sylvian fissure was opened widely. These measures allowed for adequate exposure of the aneurysm in all cases with good establishment of proximal and distal control. We used temporary vascular occlusion in all cases. The aneurysm could be directly clipped in four instances. One patient was treated by trapping of the involved segment when excellent distal collateral flow was present. Intraoperative angiography was performed in each case to confirm the exclusion of the aneurysm from the circulation without compromise of the involved vasculature.
Postoperatively, all six patients were maintained in barbiturate-induced coma for 5-7 days and managed with intravascular hypothermia to a mean core temperature of 36.5°C. All patients required the placement of a permanent ventriculoperitoneal shunt. Four required temporary tracheotomy and gastrostomy.
Outcomes at 1-year follow-up demonstrated that three patients achieved good functional status after prolonged our patients may relate to the fact that the aneurysms were already partially packed with coils, possibly reducing the transmural pressure gradient. Additional factors presumably included rapid maneuvers to reduce brain metabolism with control of ICP, minimization of secondary brain insults, and rapid reversal of anticoagulation with activated factor VIIa.
Guglielmi et al. reported five iatrogenic ruptures during 127 treated aneurysms; 2 of the patients died and the remaining 3 were reported to have a good outcome. [1] The patients who died were classified as poor graded Hunt-Hess SAH (grade IV and V), whereas the ones with a good outcome were graded Hunt-Hess II. Vinuela et al. reported a perforation rate of 2.73% during treatment of aneurismal SAH in 403 treated aneurysms. [10] The fatality rate was 45.5% as five patients died during 11 iatrogenic ruptures. All five of the patients who died were poor graded Hunt-Hess SAH. [2] 
CONCLUSION
Intraprocedural rupture during aneurysm coiling is a dangerous and potentially fatal event. After iatrogenic rupture during coil embolization, aggressive management for the control of ICP combined with neurovascular resuscitation, rapid reversal of anticoagulation, and early surgical intervention results in a reasonable outcome in selected cases. rehabilitation; one of these had only subtle cognitive changes on formal neuropsychological testing. One patient had moderate disability, and two suffered severe neurological injury on early magnetic resonance imaging (MRI) and died.
DISCUSSION
The introduction of Guglielmi detachable coil (GDC) embolization has dramatically changed the management of intracranial aneurysms. Aneurysm rupture during endovascular management represents a potentially devastating event. Several mechanisms proposed as causative factors for intraoperative rupture include fluctuations in blood pressure resulting from pain, anxiety, or anesthesia. [4, 5, 7] Risk factors directly related to the procedure are iatrogenic rupture caused by guide wire microcatheter perforation and coil penetration, highpressure contrast injection, and excessive packing of the coil material. [1, 5, 6] After acute rupture, there are two basic patterns, those patients in whom coiling can be rapidly completed, achieving adequate aneurysm occlusion, and those patients presenting with persistent extravasation requiring urgent surgical therapy to secure the actively bleeding aneurysm. After iatrogenic perforation, factors such as prolonged systemic hypertension, persistent dye extravasation, and persistent prolongation of the contrast dye transit time suggesting ongoing intracranial pressure elevation are correlated with poor outcomes. [9] When comparing aneurysm location during iatrogenic rupture, a worse prognosis has been identified in posterior circulation aneurysms as compared with those in the anterior circulation. [5, 6, 8, 9] Although patients suffering severe rupture have been described as having worse prognosis, immediate reversal of anticoagulation therapy and surgical intervention is in fact feasible as demonstrated in our experience. In this setting, timely neurosurgical intervention is aimed at decreasing ICP via emergency ventriculostomy or decompressive hemicraniectomy with the evacuation of intraparenchymal hemorrhage and/or nondominant temporal lobectomy. Of the six cases with persistent extravasation necessitating urgent surgical decompression, surgical management under these circumstances was best accomplished by a generous hemicraniectomy. While severe intra-procedural rupture during endovascular therapy is rare, endovascular centers should have emergency surgical backup to address this uncommon but life-threatening situation.
Komiyama et al. reported 14 cases of ruptured intracranial aneurysms in which iatrogenic rupture occurred during peroperative cerebral angiography. [3] Thirteen of the patients died and the remaining patient was severely disabled. [3] The relatively favorable outcomes in some of
